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A New Current Interruption Technique Designed for Large-Area 
Industrial Electrochemical Cells 
D. M. Soares, M. U. Kleinke, and O. Teschke* 
Instituto de F~sica, UNICAMP, Campinas, SP, 13081 Brasil 
ABSTRACT 
A method has been developed for measuring IR-free potentials of electrodes of full-size electrolytic cells. It consists of 
interrupting the current on a small fraction of the working electrode only, called the probe lectrode, and measuring the 
potential difference between probe electrode and reference eldctrode. The working and probe el ctrodes are kept at he 
same potential formost of the operation time by an external connection. The results of the measurements were compared 
to those obtained by the standard current interruption technique. The agreement was better than 15 mV for the cathode 
voltage and 10 mV for anode voltage at a current of 400 mA/cm 2. 
Current interruption has long been established as a 
method for estimating separately the cell ohmic drop and 
electrode polarization voltages. When current flow ceases, 
the potential drop caused by ohmic resistances vanishes 
immediately. Observation of electrode potential shortly 
after current interruption thus gives the "IR-free" poten- 
tial. The electrode polarization is the other contribution to
the open-circuit potential. Kordesh and Marko (1) built the 
first circuit o make such measurements in batteries. Their 
technique used half-wave rectification of a 60 Hz sine wave 
to achieve repetitive current interruption. Teschke et al. 
(2) used this technique to characterize the performance of
*Electrochemical Society Active Member. 
alkaline water electrolyzers. Their equipment however op- 
erates from a one phase ac source, whereas commercial 
electrolyzers operate from three phases. Later develop- 
ments allowed the use of external signal generators with 
galvanostatic (3) and potentiostatic control (4). Recent im- 
provement in electronic devices offer high-speed sample- 
and-hold integrated circuits that can be synchronized with 
the interruption period to monitor the cell voltage (5). 
More recently, Wruck et al. (6) developed an electronic ir- 
cuit for periodic interruption of current with variable in- 
terruption times. 
However, it is currently impossible to characterize 
anode and cathode performances by testing full-size elec- 
trolyzer equipment. This is easily done for small cells with 
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Fig. 1. Schematic diagram of the probe end working electrodes con- 
figuration. 
areas up to I0 cm 2 (5). For full-size electrolyzers, however, 
currents are of~the order of thousands of amperes, and it 
would be prohibit ively expensive to build a circuit to in- 
terrupt this current in a very short t ime (less than 1 ~s); 
moreover, the inductive electromotive force would be too 
high to be hanclled with inexpensive electronic com- 
ponents. 
In this paper a technique is presented which allows us to 
monitor  the performance of a full size electrolytic ell by 
measur ing both IR drop and electrode overvoltages under 
continuous operation. The technique requires conven- 
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r TpROBE =0 Current distribution 
L V p ROBE = V WaR KI NG . . . . . .  
I T PROBE = 0 . . . . . . . . . . . . . . . . . . . . . . .  VpROBE = VWORKING 
Fig. 2. Schematic two-dimensional plot of the local potential for a 
planar electrode with o metallic disk (probe electrode) isolated from it 
end with an external electrical connection between them. The dashed 
lines show the potential distribution for a short circuit between probe 
and working electrodes and the dotted lines show the potential distri- 
bution for an open-clrcuit condition. 
Measuring Technique 
In order to measure the voltage of the cell for a condit ion 
of null current, i.e., IR-drop free, a periodically interrupted 
current is frequently used. For a commercial  electrolytic 
cell the interruption of the current demands a technology 
of fast and high power switches (typically 10 4 to 0A in less 
than 1 ~s). If, however, only a small portion ( -1 cm 2) of the 
electrode area has its current interrupted, it is possible to 
determine IR drop and electrode polarization contribu- 
tions. The technique for the interruption of only -1A  is 
easily accompl ished by using a current switch which may 
be electronic or mechanical. F igure 1 shows schematical ly 
the new electrode scheme. A metall ic disk with an area of 
1 cm 2 was detached from the working electrode. Its diame- 
ter was slightly decreased. It was then enclosed in a PTFE 
tube and sealed with sil icone rubber so that only the end 
surface of the disk is exposed to the electrolyte. This frac- 
t ion of the electrode, from now on called probe electrode, 
has its structure isolated from the original electrode struc- 
ture. An electrical connection between them is made ex- 
ternally. The working and the counterelectrodes are rec- 
tangular nickel plates with 10 cm 2 of area. 
When the probe and working electrodes are connected 
and there is a current going through the cell, we obtain a 
potential distr ibution shown schematical ly by the dashed 
lines in Fig. 2. The potential drop inside the electrolyte is 
given by the product of the current density t imes the dis- 
tance I away from the electrode surface and the electrolyte 
resistivity which may be a function of l if we consider the 
contr ibution of the gas bubbles to the electrolyte resis- 
tivity. 
The current is now interrupted for the probe electrode 
only. The interruption t ime is small to prevent a significant 
variation of the probe electrode polarization. At the vicin- 
ity of the probe electrode there is no current normal to the 
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Fig. 3. Schematic view of the experimental cell. The module consists 
of three removable plug-in units which support electrodes and mem- 
brane. 
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probe electrode surface because it is temporari ly discon- 
nected f rom the circuit. The  new potential distribution is 
shown by the dotted lines in Fig. 2. There  is, then, no  IR  
drop between the probe and  the Lugg in  capillary wh ich  is 
connected  to the reference electrode. The  potential differ- 
ence between reference electrode and  probe electrode 
then gives the IR-free probe electrode voltage. Since both 
electrodes are disconnected for i0 ~s out of every 500 ~ts 
they have the same potential during 99.998% of the time, 
consequent ly  the measured  potential between probe elec- 
trode and  reference, at the interruption interval, is the IR- 
free potential of the work ing  electrode. The  potential dif- 
ference between the electrodes may be measured  0.i p~s 
after the curre~i t interruption. This voltage sampl ing t ime 
may be varied f rom 0.i to a few tenths of microseconds.  
Test Cell 
The electrolyt ic ell employed was an improved vers ion 
of our earl ier one (1). The test  cells commonly  used have 
e lectrode areas of only 1 cm 2 for both  cathode and anode 
(7). Our test  cell e lectrodes have each an exposed area of 10 
cm 2. This cell s imulates a real size alkal ine water  electro- 
lyzer more  closely, s ince bubb le  format ion and gas mot ion  
are impor tant  factors that  have to be cons idered in the de- 
s ign of the electrodes. The cell has also, as in a pract ical  
size electrolyzer, a separator  wh ich  keeps the gases apart  
s ince the di f fusion of O2 gas or H2 gas into the comple-  
mentary  electrode compar tment  affects the electrode pro- 
cesses. The cell modu le  consists, of three removab le  plug- 
in units  as shown in Fig. 3. Two of them carry the elec- 
t rodes and  a th i rd  one supports  the separator  membrane.  
The cell f rame and the plug-in units  are made of Teflon. 
The total e lectrode gap is 4 cm. Both  cathode and anode 
are rectangular  nickel  plates wi th  10 cm 2 of area. The cell is 
thermostated.  The electrode plates are soldered to stain- 
less steel wires. The wires connect ion  are insu lated wi th  
si l icone rubber .  In order  to s imulate condi t ions  imi lar to 
these exist ing inside an electrolyzer, membranes  with an 
area of 10 cm 2 were used. Exper imenta l  condi t ions were 
55~ 30% KOH. The electrolyte flows by thermal  convec- 
tion. The electrolytic cell was operated at a tmospher ic  
pressure.  
The potent ia ls  are measured  wi th  respect  to a Lugg in  
probe wh ich  is connected  to a mercury /mercury  oxide ref- 
erence electrode. Before start ing a series of exper iments  
the electrodes were polarized for lh  at the h ighest  cur rent  
(400 mA/cm2). An external  reservoir  keeps the water  level 
constant ,  wh ich  otherwise would decrease by electro- 
chemica l  consumpt ion  or evaporat ion.  
Circuit  Current  Interruption Measurements. 
In  order to keep equal  the potent ia l  of both  probe elec- 
t rode and work ing electrode (cathode or anode) the circuit  
shown in Fig. 4 was des igned and built. Independent  cir- 
cuits had  to be des igned for cathode and anode because for 
the former  there is a current  pul l ing whi le  for the latter 
there is a current  pushing.  
The circuit object ive is to s imulate an ideal switch, i .e., a 
switch wi th  a nul l  resistance, connect ing  the probe elec- 
t rode to the work ing electrode. While the switch is open 
the voltage di f ference between probe and  reference lec- 
t rode is measured.  A t imer  bui l t  a round an  IC 555 gener- 
ates electrical pulses that  switch on and  off. Such  devices 
are the "cathode or anode switches"  shown schemat ica l ly  
in Fig. 4. For the cathode switch ing the col lector of Q1 is 
connected  to the non inver t ing  input  of the  OA 3140 of the  
"cathode switch." This feedback connect ion  keeps the col- 
lector potent ia l  equal  to the work ing electrode potential .  
Dur ing  the opening of the switch a dif ferential  ampli f ier 
associated to a sample-and-hold  circuit registers the poten- 
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Fig. 4. Schematic circuit for current interruption measurements. Independent circuits for r and onode were built. The diagram shows the 
various elements that {orm the circuit: sample-ond-hold circuit, cathode switch, anode switch, and timer. 
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Fig. 5. Electrode potential vs .  Hg/HgO electrode for the oxygen evo- 
lution reaction. 
tial difference. Similar ly for the anode switch ing the col- 
lector of Q2 is connected to the invert ing input  of the OA 
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Fig. 7. Voltage difference (Vp,obe - Velectrode-IR-free) as a function of 
time obtained by the probe electrode interruption and the current inter- 
ruption techniques. 
Results 
In  order to demonst ra te  the versati l i ty of the  method,  ex- 
amples  of test  results are given in the fol lowing figures: in 
Fig. 5 the electrode potent ia l  for the oxygen evolut ion re- 
act ion referred to a Hg/HgO electrode is plotted vs .  the cur- 
rent  density;  s imilar ly in Fig. 6 we have plotted the elec- 
t rode potent ia l  for the hydrogen evolut ion reaction. For  a 
Lugg in  capi l lary wi th  a d iameter  of 2 ram, our IR-drop 
measurements  along the cell gap show that  there is a negli- 
gible shie ld ing effect when the capi l lary is p laced 2 mm 
away from the electrode surface (8). The Tafel plots for th~ 
oxygen and hydrogen evolut ion react ions on the test elec- 
t rode were determined us ing steady-state IR-free potent io-  
static methods.  The electrode was prepolar ized at a con- 
stant  current  of 0.4A cm -2 for 60 rain. Exper iments  were 
conducted  in the direct ion of h igh to low currents.  IR-free 
drop potent ia ls  were measured  us ing the method de- 
scr ibed above and the standard current  in ter rupt ion  tech- 
n ique  for the same switch ing parameters:  length of inter- 
rupt ion  t ime and voltage sampl ing time. Our s tandard 
cur rent  interrupt ion equ ipment  has a length of interrup-  
t ion t ime of 0.1 ms, a voltage sampl ing t ime of 10 ~s, and a 
max imum current  of 4A (5). In order to determine  the volt- 
age di f ference between the two methods  we moni tored  the 
hydrogen evolut ion react ion at 400 mA/cm 2 over a per iod 
of 5h. The measured  i f ference between our method and 
the usual  current  in ter rupt ion  techn ique  is smal ler  than  15 
mV for the cathode voltages and 10 mV for anode voltages 
at a cur rent  of 400 mA/cm 2. 
Discussion 
Our results show that  for potent ia l  measurements  at 
0.1 Fs after current  interrupt ion,  and a 2 mm d iameter  Lug- 
gin capi l lary placed 2 mm away from the electrode surface 
it is only necessary to interrupt  a small  port ion of the total 
cur rent  of the test  cell to obtain the IR-free electrode po- 
tential.  Industr ia l  electrolytic cells usual ly have a few 
square meters  of e lectrode area; the probe electrode in this  
case requires a few ( -1)  square cent imeters,  wh ich  will 
jus t  demand inexpens ive  lectronic omponents  for mak- 
ing the current  interrupt ion.  
The area ratio of the probe and of the work ing electrodes 
in this  case is 10 4, int roduc ing a negl igible current  rear- 
rangement  at the t ime of the in ter rupt ion  of the current  of 
the  probe lectrode. The results  also show that  it is possi- 
ble to obta in  measurements  with a precis ion of around 
10 mV. The method may be appl ied main ly  to large area 
e lectrochemical  systems l ike water  electrolyzers and 
chlor-alkal i  cells. 
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Incipient Hydrous Oxides The Missing Link in 
Electrocatalysis 
L. D. Burke,* J. F. Healy, K. J. O'Dwyer, and W. A. O'Leary 
Department of Chemistry, University College, Cork, Ireland 
Noble Metal 
ABSTRACT 
It is suggested that a wide variety of oxidation reactions at plat inum anodes in aqueous media involve mediat ion of 
the interfacial reaction by charged hydrous oxide species formed as surface-bonded species at adatom sites on the metal 
surface. Such species are formed on Pt  at potentials as low as 0.2V (RHE) in acid media and, with precautions taken to 
minimize deactivation problems, any reactive organic compounds commence oxidation in this region. This cyclic redox 
mechanism of reaction is complicated in the case of metals, though not with thermal oxides (RuO2), by significant varia- 
tion in the total number  of active species at the interface. Recent spectroscopic data support the view that Pt(IV) species 
are present on Pt/Ru alloys at low potentials. The species formed on pure Pt in acid above 0.2V is assumed to be Pt(OH)62-- 
9 based species; the OH ligands not only accelerate many oxidation processes but inhibit certain reduct ion processes at the 
interface. The behavior of Pt  in base is complicated by an unusual  E/pH shift. 
Electrocatalysis of organic oxidation processes at noble 
metal  anode surfaces is of major interest at the present 
t ime in connection with the development of the methanol/  
air fuel cell (1). The role of the metal in such reactions is 
usual ly explained in terms of activated chemisorpt ion (2); 
in particular it is assumed that activation accompanies 
bond formation between the organic species and vacant 
(or partially occupied) orbitals in surface metal atoms. Ob- 
ject ion may be raised to this v iewpoint in so far as gold, 
which has filled d-orbitals, is quite an active electrocat- 
alyst (3-5) for a variety of organic electro-oxidation reac- 
tions. The adsorption approach, which is regarded here as
being deficient rather than incorrect, also has difficulty in 
explaining some aspects of organic oxidation on platinum. 
Methanol oxidation, for instance, which can be observed 
(6) at potential values below 0.5V (RHE), or as low as ca. 
0.2V in acid according to the present work, involves an ox- 
ygen insertion process at a carbon center, viz. 
CH3OH + H20 = CO2 + 6H + + 6e [1] 
This oxygen cannot be supplied directly by a water mole- 
cule (the latter is thermodynamical ly  stable below 1.23V at 
25~ nor can it be supplied by the regular anodic (e.g., 
OHads or Oads) film at the metal surface [in acid solution the 
onset of formation of this layer commences on plat inum (6) 
only above ca. 0.SV (RHE)]. As outl ined previously in the 
cases of both gold (3, 7) and silver (8) the effective oxidiz- 
ing (or oxygen donating) agents in this type of reaction ap- 
pear to be low coverage hydrous oxide species; the  objec- 
tive of the present investigation is to extend this approach 
to platinum. 
A review of hydrous oxide materials was publ ished re- 
cently (9); the study of the noble metal compounds in this 
category enjoyed a minor boom following the report of 
their electrochromic behavior, especially in the case of 
i r id ium (10). Although they can be produced in thick film 
form, elucidation of composit ion and structure has proved 
difficult due to their hyperextended, frequently amor- 
phous, character. It has been suggested (9) that in most 
cases where the charge on the central metal ion is large 
these hydrous species exist as anionic hydroxy species, 
e.g., Pt(OH)62 and Au2(OH)93- (with counterions present in 
the aqueous regions of the hydrated film). Some of the pro- 
posed species are well characterized in bulk form, e.g., 
hexhydroxyplat in ic a id, H2Pt(OH)6, is the direct analogue 
of chloroplatinic acid, H2Pt(C)6, and has been investigated 
by x-ray techniques (11), the latter work, however, has not 
yet been carried out using the electrochemical ly produced 
material. 
The hydrous oxide model  of noble metal electrocatalysis 
of reactions at electrode surfaces is based on the fol lowing 
assumptions: 
1. Hydrous oxide species are formed at adatom sites on 
the anodic sweep according to the fol lowing type of re- 
action 
Pt* + 6H20 = Pt(OH)62- + 6H § + 4e- [2] 
The coverage attained is only a small fraction of a mono- 
layer as adatom (Pt*) concentrations at electrode surfaces 
are usually low. Most surface metal atoms have a high bulk 
lattice coordination umber  and do not react according to 
Eq. [2] as they are unable to attain the requisite hydroxy 
coordination state [thick films of hydroxy material can, 
however, be produced by vigorous anodization or poten- 
tial cycling techniques (9)]. 
2. The hydrous material is usually formed at potentials 
below the onset of the regular, compact oxide, monolayer. 
Its electrochemical  behavior, Eq. [2], is usually reversible 
but complications arise for instance due to: (i) adatom for- 
mation and decay processes, viz. 
Pt~ ~ Pt* (high energy state) [3] 
which cause variation i the concentrat ion of surface hy- 
droxy species, and (ii) more than one type of hydroxy spe- 
cies may be involved [for example in the case of thick films 
grown on gold in base (12)] five oxide reduction peaks, 
aside from that for the normal monolayer, were noted in 
some instances when this material was removed in a ca- 
thodic sweep. Details of these interfacial species, and their 
attachment to the metal surface [subsurface oxygen may 
play a role (8) in the latter], are as yet uncertain. 
3. Reactive species, e.g., CH3OH and N2H4, are oxidized 
by the interfacial hydrous oxide, the latter being spontane- 
ously regenerated when the potential is above the revers- 
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